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(54) Stiffener assembly for bumper and bumper stay 


(57) A lightweight car body energy absorber made 
of aluminium alloy which provides energy absorption. 
The car body energy absorber comprises a hollow 
shape (1) with a rectangular sectional profile and a re- 
inforcing shape (2) attached to the front face of the col- 


lision plane of the hollow shape, where the hollow shape 
(1 ) and the reinforcing shape (2) are aluminum alloy ex- 
truded shapes. A bumper stay (1a) is also described 
which has an aluminum alloy extruded shape to be at- 
tached to the rear face of each end of the aluminum alloy 
bumper reinforcement. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to energy absorbers as extruded shapes made of aluminum alloy which have a high 
strength to resist a car body's collision against a pole (aluminum is hereinafter called Al). It is also concerned with 
bumper stays to be attached to the body side face of the curved end portions of a bumper reinforcement having curved 
10 portions at both ends. 

Description of Related Art 

[0002] A car body incorporates body energy absorbers such as bumper reinforcements and door beams. The bumper 
'5 f rued to the front or rear of the body has, in its inside, a bumper reinforcing member called a bumper reinforcement or 
bumper reinforce. 

[0003] Recently, for the sake of lightness, there has been an increasing tendency to use extruded shapes of high- 
strength aluminum alloys (which have the same sectional profile in the longitudinal direction) such as JIS 5000, 6000 
«nd 7000 series instead of steel shapes which were often used formerly. 
20 [0004] Al alloys are higher in such energy absorption as mentioned above than steel if they have the same weight. 
As an Al alloy extruded shape which has the same sectional profile in the longitudinal direction, it is possible to efficiently 
mrtss -produce a rigid hollow structure whose sectional profile is virtually rectangular. For this reason . Al alloys are 
widely used for bumper reinforcements, bumper stays, door beams and so on. 

[0005] However, a body energy absorber which consists of an Al alloy extruded hollow shape with a virtually rectan- 
25 guiar sectional profile has the following problem: if it is used for rear bumper reinforcement, its bending strength may 
be insufficient with respect to the virtually horizontal force (of vehicle collision) applied to the body energy absorber 
when the body collides against a pole. 

[0006] In order to prevent the body from being bent upon collision against a pole as mentioned above, the bending 
strength of ihe bumper reinforcement must be increased. There are various ways to increase it: increasing the strength 
30 of Al alloy itself as the material for the bumper reinforcement; increasing the thickness of web, front wall and/or rear 
wall: increasing the width of the bumper reinforcement and so on. 

[0007] However, if the strength of the Al alloy shape is increased, it might be more difficult to make shapes by extrusion 
or bending and such shapes might be more likely to crack, resulting in less collision energy absorption. Also, an increase 
in the thickness of the Al alloy shape or the width of the bumper reinforcement will lead to an increase in weight, which 

35 means that the lightness of Al alloy is traded off for increased strength. If the thickness of the Al alloy shape should be 
simply increased, the maximum load (force) of a collapsing bumper reinforcement might be larger than the permissible 
maximum load for side members, and it would be very likely to damage body members such as front side members. 
[0008] J-P-A-No. 286536/1 994 discloses a reinforcement structure in which an auxiliary hollow shape reinforcement 
made of Al alloy (which has, for example, a semicircular sectional profile at the front and a planar one at the rear and 

40 incorporates two props or ribs) is glued to the longitudinal center of the bumper reinforcement front side. 

[0009] If an auxiliary steel reinforcement as mentioned above is used, the auxiliary reinforcement weight to obtain 
a satisfactory reinforcing effect is added, which offsets the advantage of lightness offered by the use of Al alloy for an 
energy absorber. 

[0010] The auxiliary reinforcement in the form of a hollow shape of Al alloy as described in the above-said J-P-A- 
45 no. 286536/1994 may be lighter than the above-said steel reinforcement. Yet still, because the weight of the hollow 
shape reinforcement with a closed sectional profile is added, the problem of weight increase remains in comparison 
with the case of absence of an auxiliary reinforcement. 

[0011] According to the above-said gazette, it is possible to lighten the bumper reinforcement main body as an Al 
alloy hollow shape by using an auxiliary reinforcement and decreasing its wall thickness. However, the auxiliary rein- 
50 forcement has a hollow structure with a closed sectional profile and uses inner ribs (props) to reinforce it, so the collapse 
strength of the auxiliary reinforcement is rather high. Therefore, if the wall thickness of the bumper reinforcement main 
body is decreased as stated above, upon collision against a pole or in a similar situation, the bumper reinforcement 
main body might collapse earlier than the auxiliary reinforcement. 

[0012] Further, because the auxiliary reinforcement is a hollow shape with a closed sectional profile, it is virtually 
55 impossible to join it to the bumper reinforcement main body mechanically or using bolts or the like or by welding. 
Consequently, the fixing method which uses glue as described inthe gazette is unavoidable. However, gluing is much 
more unreliable as a method for fixing a vehicle structural member than a mechanical fixing method or welding. 
[0013] It is thus demanded that a car body energy absorber such as a rear bumper reinforcement should have a 
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[001 4] Usually, the bumper Lfoiementfe S SESSSl T ? ^ bUCk " ng Up ° n SUCh co,lision - 
In case of a bumper reinforcement Sl aS o! ™ h? 1°"^ ^ b ° dy C ° UplerS Such as bum P er stays. 

' to come into contact with the bumper rSS^SiS^ f IT* ^ *• SUrfaCe °' the bUmper sta * 

to the latter. Even when the contact surfaces of ™th ^SSX^S " *" *• f0rmer 

be joined and fixed. One known approach as IT^rl^T^ T 6mamS another Problem: how they should 
portion of the bumper nuSZS^^SX^l ° PaSS6d thr ° U9h b ° th the h °" 0W 0f the curved 
staying in these hollows. A conventional techniqu £?Z£!2r ^"l!* ^ the t0p and bottom of ttle bolt * 

> stays car body side is that a hoHow 1 ^ * ,lde m6mber ° n the bum P er 

and fixed to the side member through the attachment TSKK th f bumper Sta ^ is P rovided a " d the stay is joined 
member. 9 attachm ent. Th.s attachment has a width that matches the width of the side 

sss. s^s^sssi asrass isr sr erand en9aged with « Bo,ts ~ p - ed 

Ei^^^ST^ j ° inin9/fiXing meth ° dS ^ draWb3Cks - - a »> tney are impractical and 

sslitjs^ es* ? cu : to put a b °* int ° the inside - - ^ 

reinforcement with a curved portion at eac end It i afco ^ t VZ* " * eVen ™ re difflCult for a bum P er 

the car body widthwise direction P ^ abovesaid h °»™ attachment on the side member in 
tTLS^ 

them horizontally from the side of the car body ^ * attaChment With the bolt P^sed through 

BRIEF SUMMARY OF THE INVENTION 

-bJdye^ 

SErar* ^^^™^^ upon car body co,,ision a p ° ie 

hollow shape 9 The ^»«5^^Sf^?Zi^ 3^ t0 1,' 6 ^ ^ ° f C ° lliSi ° n plane ° f tbe 
-J- wa, The reinfoLg shape 

S3 sh^rr S^SltS *~ 
smaller and the weight increase due to thHddZ 2nS^ k ^ ° Vera " W6ight ° f the absort5er is 
particularly important is that, since iZS^^^iZ^*^",* T ^ SeC ° nd,y > what is 

four sides but an open sectional profile anc Mt te nLS t W ' C '° Sed rect ™9^ sectional profile having 

due to the addition'of the SSS ng shape at^ 

shape is connected with the ho.low^, ^a^^tL^tS 
by a center rib. W absorber m * a rectangular sectional profile because it is reinforced 

<Zi j: z^zzzzsx sssssb to this in r ion ' the - - - 

reinforcing shape bend inwards in the c mss h * T"' arC ' ° r S ° that the horizontal ribs ° f 

to this, the decrease in resistance to theTppli eat rce whJfh ! H " " aPP " ed a ' m ° St h o rizo ^»y- Thanks 
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that only the reinforcing shape need be replaced in repair after the collision. 

[0026] The car body energy absorber according to this invention uses one of AA or JIS 5000, 6000 and 7000 series 
of Al alloys. Since these Al alloys are excellent in formability and have a high strength, they are easily manufactured 
by extrusion and other techniques and can provide a higher collision energy absorbing power. 
5 [0027] Because of these excellent characteristics, the car body energy absorber according to this invention is par- 
ticularly suitable for use as a reinforcement for the vehicle rear bumper or front bumper. 

[0028] A second object of this invention is to provide a stay as an Al alloy extruded shape which is easily attachable 
to the rear face of the curved portion of the bumper reinforcement end and the front face of the side member as well 
as a bumper reinforcement integrated with stays which is easily attachable to the side member. 

w [0029] In order to achieve this object, this invention provides a bumper stay to be attached to the car body side 
surface of each end portion of the bumper reinforcement, where the bumper stay consists of the following: a front wall 
whose shape matches the car body side surface of each end of said bumper reinforcement; at least two side walls 
which support said front wall from the car body side; and a rear wall connected with the side wall end opposite to said 
front wall. The rear wall and the side walls meet virtually at right angles. The front wall has flanges protruding outward 

15 from the bumper stay. 

[0030] In a stay according to this invention, particularly when each end of the bumper reinforcement has a curved 
portion which is bent toward the rear of the car body, the front wall of the stay is shaped in a way to match the shape 
of the rear face of each end of the bumper reinforcement or so that it has an inclination to match the rear face of the 
curved portion. In addition, the stay is characterized in that its front wall has flanges protruding at both ends of the stay 
20 (or side walls). 

[0031] Therefore, in comparison with the above-said conventional stay whose front wall has no flanges, this stay is 
easily attached because these flanges enable and facilitate mechanical connection with the rear face of each curved 
end of the bumper reinforcement by means of bolts and nuts or rivets. In other words, the introduction of these flanges 
makes it easy to join and fix the stay to the above-said car body side surface of each end of the bumper reinforcement, 

25 and also to the front face of the side member at its rear wall. 

[0032] If an electrode can be put in the hollow of the above-said curved end of the bumper reinforcement or the like, 
the electrode can be easily attached to the flanges so it is possible and easy to use spot welding. It is also possible 
and easy to connect the stay with the bumper reinforcement by welding on the flange end and along the rear face of 
the curved portion to be in contact with this end. A combination of these connecting methods can be used : which means 

30 that various options with regard to the connecting method are available. This is one of the major advantages of the 
stay according to this invention. 

[0033] In this respect, the flanges can be easily and mechanically joined and fixed to the rear face of each curved 
end of the bumper reinforcement, for example, by means of self-piercing rivets, bolts or something like that. 
[0034] Also, by making holes in the flanges, the bumper stay can be easily and mechanically joined and fixed to the 
35 rear face of each curved end of the bumper reinforcement through these holes by means of bolts or something like that. 
[0035] Also, the bumper stay can be joined and fixed to the rear face of each curved end of the bumper reinforcement 
by welding on the flanges. 

[0036] The stay according to this invention has holes in its rear wall. Therefore, it can be easily joined and fixed to 
the front face of the side member through these holes by means of bolts or something like that. 

40 [0037] Further, the stay according to this invention has working holes in the front wall excluding the flange areas. 
Therefore, even if the stay has a hollow structure with a closed sectional profile, the rear wall of the stay can be easily 
joined and fixed to the front face of the side member through these holes by means of bolts or something like that. 
[0038] Further, the stay according to this invention has an open sectional profile with working holes in the front wall 
excluding the flange areas. Therefore, even if the stay has a hollow structure with a closed sectional profile, the rear 

45 wall of the stay can be easily joined and fixed to the front face of the side member through these holes by means of 
bolts or something like that. 

[0039] The stay according this invention has a hollow sectional profile which is composed of a front wall side walls 
and a rear wall as mentioned above, resulting in improvement in the collapse strength of the stay. 
[0040] However, if the stay has a hollow, closed sectional profile, it would be difficult to attach it to the side member. 
50 To facilitate its connection with the side member, it is desirable to have an attachment for connection with the side 
member at the rear side of the rear wall. 

[0041] The stay according to this invention is made of an Al alloy which is chosen from among AA or JIS 5000, 6000 
and 7000 series Al alloys. These Al alloys are suitable for the stay according to this invention because they are excellent 
in formability, have a high strength and can thus be easily manufactured by extrusion or a similar technique. 
55 [0042] In addition, the stay according to this invention may be pre-assembled on the bumper reinforcement to make 
up a bumper reinforcement integrated with stays. To install a conventional stay, the car manufacturer must take two 
steps: (1) attachment of the stays to the side members and (2) attachment of the stays to the bumper reinforcement. 
Contrary to this, the bumper reinforcement integrated with stays according to this invention only requires the car man- 
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zt^;:::::zzt attachment of the stays to the side membe - b — ^ - Pre - 

' achieve the second object of the invenUon ' ,nVen,,0n a " d the above - s * id bumper stays which 

BRIEF DESCRIPTION! Q F THE DRAWIMfifi 
, [0044, Preferred embodiments of this invention wi„ be described in detai, based on the Rowings, wherein: 

Fig.3 is a sectional view illustrating a co1tete„ of ^3^^^ 9 * thiS inV6nti ° n; 

F.gs.4A and 4B are sectional views show ina rJnfn^ l * 9V accordin 9 t0 invention; 

to other embodiments of thfs S„ 9 9 35 Car bod * ene ^ abs °*^ according 

bod.men, of this invention; P eW ' reSDect,ve, K snow *"g a bumper stay according to one em- 

Sil^SS^r ^ ^ ShOWi " 9 ^ 3ttaChment ° f the ^ ^ ^°wn in Fig.e to the ends of 

DETAILED DESCRIPTION OF THF PREFERRED EMBODIMENTS 

KS. be^p^eT 910 th6attaChed draWin9S ' -^^energy absorbers as preferred embodiments of this inven- 

Rg Ma £2S£ S^TT&T^^ 2 thiS " — " in «" - of 

in these figures, the bumper r-SS^nSJ^IS^ IT * ^ ^ !" "* l ° P °' Rg 2 As shown 
wrth respect to the car body, consists of an Al X hoHowlh inZ T °" ° f th6 ° ar b ° dy almost horizontally 

,0, , te «, ^ and a -o^^aS^ ^ 

walls (webs) 3a and 3c with an centPr rih 1 1 w ^ 7 P he rear waH 5 are connected through two side 

shape madi of Al a„oy arid the 2 fon^pro Z TS^SS^ TT ^ h0 " 0W ShaPe 1 * a " ex ^ ed 
ho..ow shape 1 regardless of the structure onhe cLnterT ^ " Same ° Ver the ,en 9 th of tne 

[0048] Also, the hollow shape 1 has flanaes 9a Qh fl nrii^ iom - 

1 a, both ends) for attachment to the rS^^^^^T?^ P ° ni ° nS ° f the hol,ow sha P e 
wall 4 and rear wall 5. It is possible ZZ th^J./ ^ ' ^ t0 ^ at each end ° f *e front 
shape 1 is increased and t^^^^J^^J^ ^ 13b ' *° width (height) of the ho.iow 

2 and the car body. However, this method m^Z^lZTJX < attach ™nt to the reinforcing shape 

car body as mentioned later ^lcJ^^.^^J^ T ^ * * * a " d " S attaChment t0 the 

for the hollow shape 1 . ' * ' S m ° re deslral *e to provide flanges 9a, 9b and 13a, 1 3b 

preferably a center rib for nkif^^^l^^S^ " Wl * h> °' the h °"° W Shape is t0 be i(1cr ^sed, 
hollow shape or strengthen it ^ mS,de the hoM ° W in order to P r ^ent weakening of the 

cTnle^^ 
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and buckle outwards in the hollow cross section, starting from the point of bending, causing the hollow shape 1 to 
collapse or deform horizontally to absorb the energy of collision. 

[0051] Alternatively, the connections of the two side walls 3a and 3c with the front wall 4 and rear wall 5 may be so 
designed that when force F from a virtually horizontal direction is applied to the hollow shape, the side walls 3a and 

5 3c collapse as shown in Fig.3 (cross section of A-A in the collapsing absorber) or collapse horizontally bending inwards 
in the hollow cross section (bends 12a and 12b). In this case, more collision energy will be absorbed than when the 
side walls 3a and 3c of the hollow shape bend outwards in the cross section as mentioned above. 
[0052] For the side walls 3a and 3c of the hollow shape to bend inwards in its cross section to produce bends 12a 
and 12b as shown in Fig.3, one possible method is to make the upper and lower comers of the side walls 3a and 3c 

10 (at which they join the front wall 4 and rear wall 5) form circular arcs facing inwards. 

[0053] On the other hand, the Al alloy reinforcing shape 2, which is characteristic of this invention, has a hat-shaped 
sectional profile, basically composed of a collision wall 6, horizontal ribs 7a, 7b and 7c parallel to each other, and 
vertical flanges 8a, 8b and 8c. 

[0054] The collision wall (vertical wall or vertical flange) 6, which is almost vertical, constitutes a collision wall plane 
'5 6a which is parallel to and in front of the collision plane 4a of the hollow shape 1 . The horizontal ribs (side walls or 
horizontal wails) which support and reinforce this collision wall 6 from behind are virtually horizontal ribs 7a, 7b and 7c 
which are parallel to each other and connected with the collision wall 6 almost perpendicularly. 
[0055] The vertical flanges 8a, 8b and 8c intersect with the tips of the horizontal ribs 7a, 7b and 7c at right angles . 
The flanges 8a and 8b, located at both sides of the reinforcing shape, protrude from the reinforcing shape outwards 
20 (vertically in the illustration of Ftg.1 ) . These protruding vertical flanges 8a and 8b are in contact with the collision plane 
4a of the hollow shape and joined to the collision plane 4a of the hollow shape with known fasteners 1 0a and 1 0b such 
as bolts. The (central) vertical flange 8c inside the reinforcing shape is optionally provided in connection with a horizontal 
rib which may be added, for the purpose of improving the connection with the collision plane 4a of the hollow shape. 
[0056] The reinforcing shape 2 is an extruded shape made of Al alloy and has the same sectional profile over its 
25 length. 

[0057] This Al alloy reinforcing shape 2 is specially designed to increase the bending strength of the central area of 
the length of the hollow shape 1 so that, particularly when the rear bumper reinforcement collides against a pole and 
a large force is applied to the hollow shape 1 from a virtually horizontal direction, the hollow shape 1 may not bend 
horizontally from its center. 

30 [0058] This offers the following advantages. Firstly, since the reinforcing shape 2 has an open sectional profile, or a 
hat-shaped sectional profile, as mentioned above, the weight increase due to its weight is smaller than when it has a 
closed sectional profile, or a hollow rectangular sectional profile. 

[0059] Secondly, since the plural horizontal ribs which are parallel to each other reinforce the collision wall 6, the 
reinforcing shape 2 itself is strengthened with minimized weight increase so as to function satisfactorily as a reinforce- 
35 ment. In other words, upon collision against a pole, force F applied to the reinforcing shape 2 (or the hollow shape 1) 
from a virtually horizontal direction causes the reinforcing shape 2 to collapse horizontally (deform horizontally) to 
absorb the collision energy, thereby protecting the hollow shape 1 , located behind it to increase the overall bending 
strength as a reinforcement. 

[0060] In the embodiment as illustrated in Fig.1 , there are three horizontal ribs (side walls). The number of horizontal 
40 ribs is not limited to 3. The horizontal ribs 7a and 7c at both ends are indispensable to reinforce the collision wall 6. 
The number of other inner horizontal ribs should depend on the degree of required reinforcement for the collision wall 
6 or for the central area of the hollow shape 1 . Such an inner rib should be optionally added and the number of such 
ribs may be any number from 1 to 4 unless such additional ribs lead to a significant weight increase. As seen from the 
sectional views of Figs. 4A and 4B, the reinforcing shape may have only horizontal ribs 7a and 7c as shown in Fig. 
45 4A, or may have horizontal ribs 7d and 7e in addition to them as shown in Fig.4B. 

[0061] The vertical flanges 8a, 8b and 8c, located at the tips of the horizontal ribs 7a, 7b and 7c of the Al alloy 
reinforcing shape 2, are designed to join it to the collision plane 4a of the hollow shape 1 . While the introduction of the 
central vertical flange 8c is optional, the vertical flanges 8a and 8b at both ends (which are protruding outwards from 
both side of the reinforcing shape) are essential to ensure that the reinforcing shape 2 is joined to the hollow shape 1 
50 mechanically or by welding with ease and reliability. 

[0062] As shown in Fig.1 , the vertical flanges 8a and 8b at both ends can be easily joined to the flanges 9a and 9b 
of the hollow shape 1 by means of fasteners (bolts, etc) 10a and 10b. Electrodes can be placed on both the vertical 
flanges 8a, 8b and the flanges 9a, 9b of the hollow shape 1 so they can be joined by spot welding or a simple welding 
technique. 

55 [0063] Without these vertical flanges 8a and 8b, it would be necessary to connect the reinforcing shape 2 and the 
hollow shape 1 using a rather complicated method such as the use of long bolts for connection between the collision 
wall 6 of the former and the front wall 4 of the latter. Thus, in order to join them by a simpler method, it would be 
necessary to rely on glue as in the method (described earlier) disclosed by J-P-A-No. 286536/1 994, which would make 
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the connection less reliable 
[0064] 
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unnecessary to make it so long as to cover the ent re Jnnth .f fh f , T'" 0 " ° f the shape 2. it is 

desired provided that it is long enough to cover th^^l^T , h °"° W Bhape: itS ' 6n 9 th ma * be a * 
increased. The sample as shown in Rg.2 is that the reSorc Jo P ° *T ^ Stren 9 th should b * 

hollows shape 1 (wnjch requjres an J^f a t thjmjj ' = g shape covers on.y the centra, area ot the length of the 

through the stays 15a and 15b ' 9 1) and connectsd with the car body side arms 16a and 16b 

Kha^^ 

it should be curved in whole or part should be 2£2£Ei no Z Z .T "~ ^ Shape Sh ° Uld be ,inear « 
[0067] Figs.SA and 5B (sectional profi.es similj to that showtn ZuTT 0r StrUCtUrS ° f the Car body or bum P er - 
as embodiments of this invention which ^veTZlTetaTstZZ 11 h ^ f0miS ° f A ' a "° y rei ^^ements 
the horizonta. ribs 7a and 7c at both ends meet th veSftnoll ^ ZkT ^ ' SXCept that the comere where 
but curved inward in the cross section like arcs ^th^nS m T i! 8b) ^ 001 orttl °g° na ' a * shown in Flg.1 
[0068] ,f the intersections of the horizon!,? lbs and vlT m reS P eCtivel * as shown in Fig.SA. 

from a virtually horizonta. direction ^ZSSSlS^S 7 ™" th ' S Wa * 35 force F ^ 

ta,,,the horizonta, ribs 7a and 7c w, bend STJtM SS^.^ 

-bior^ 

direction, in case of a minor collision La^I £ f Q Hi" T F ^ 3 Virtual, y hori ~«™ 
the hollow shape 1 because of the high ene ^IZnfon £H remforc ' n 9 shape 2 will collapse without collapse of 
58. This means that, because in case of InZrl^ZZS^T^ °' reM ° rCm9 Sha P e 2 < as i,lust ^ed in Fig. 
direction, the reinforcing shape collapses oX h oZ shine 222""? "I"" F apP " ed fr ° m 3 VirtUa " y horizontal 
in repair after the collision. 3pe d ° SS n0t ' only tne ^"forcing shape has to be replaced 

(Applicable Al alloys) 

Sal b. f en. The Al alloy which is used as the 

or JIS 5000, 6000 and 7000 series Al ^oyf^e Z^LT 2 T ?" P " " Ch ° Sen ^ a ™ n 9 M 

are of the general-purpose (standard) type wit a £ atfcelv hio ! ° f thiS kind These Al all °ys 

and 6000 series (Al-Mg-Si) Al alloys aTtempered T5 or T6 ZTt ^ Part,CUlarly ' 7000 series (Al-Zn-Mg) Al alloys 
corrosion resistance and workability. ,„ 5 Ttrea^ent 7000 1h« A ?T eM ^ ™ St SUitab,e in terms of 
subjected to an artificial aging process. In T6 STem such J2E 7 ? 6 °°° 86,193 " a "° y iS extruded - *en 
to an artificial aging process (including overagTng) ' " ' '° S0 ' Uti ° n treatment " then 

a better energy absorption performance. The invention w! be emSS ?, ' W '" demonstrate a h^er strength and 
(standard) Al alloy is used. Of course, such a special L^oy can be ^ 

(Manufacture of Al alloy shapes) 

^L^S^ZS^^ ZrZT^^rT na l profi,e and a M ° ^ - to 

as casting, homogenization heat treatZ^h^ mai " P rocess '«*— steps such 

shapes in this way, even a shape with a oompSaS SoSoST^k V USm9 *" eXtmSi ° n teChni< " Je to make 
manufactured easily and efficiently. m P" cated sect.onal prof.le l.ke the ones proposed by this invention can be 
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sectional profile and a reinforcing shape 2, both as made of T5-treated JIS 6N01 Al alloy (proof stress 240N/mm 2 ) by 
extrusion, were prepared. 

[0074] T5-treated JIS 6N01 Al alloy is widely used as a material for absorbing car body energies and, if a collision 
force is applied, is more likely to crack than JIS 7000 series Al alloys such as JIS 7003 Al alloy. Therefore, if the extruded 
5 shapes made of JIS 6N01 Al alloy prove effective as intended by this embodiment, the result may be reflected in 
extruded shapes made of 7000 series Al alloy such as 7003 Al alloy. 

[0075] For the purpose of comparison, sample 2, which consists of only a hollow shape 1 or does not comprise a 
reinforcing shape 2, was prepared. Also : a bumper reinforcement, which consists of an extruded shape made of 
T5-treated JIS 6N01 Al alloy (proof stress 240N/mm 2 ), the same material as used for embodiment sample 1 , and has 

10 a structure of closed rectangular sectional shape with a center rib, was prepared as sample 3. In sample 3 for com- 
parison, the thicknesses of various parts are so designed as to ensure a bending strength equivalent to that of sample 1 . 
[0076] The hollow shapes 1 in sample 1 (embodiment) and sample 2 (for comparison) were made to the following 
specifications. The hollow shapes should be linear and have an overall length of 1200 mm. The front and rear walls 
should be 100 mm long (including the length of each flange, 15 mm) and have a wall thickness of 3.0 mm; the side 

15 walls 3a and 3c should be 70 mm long and they (including the center rib) have a wall thickness of 2.0 mm with the 
distance between the center rib and each side wall 32 mm. 

[0077] The reinforcing shape 2 in sample 1 was made to the following specifications. The reinforcing shape 2 should 
be 400 mm long and its center should be aligned with the center of the hollow shape 1 . According to the specifications, 
it was joined to the hollow shape through flanges by means of bolts as shown in Fig. 1 . The collision wall 6 should have 

20 a thickness of 3.0 mm and the horizontal ribs 7a, 7c and vertical flanges 8a, 8b and 8c should have a thickness of 2.0 
mm while the horizontal rib 7b should have a thickness of 2.5 mm; the collision wall 6 should be 70 mm long, the vertical 
flanges 15 mm long, the horizontal ribs 7a, 7b, and 7c 25 mm long and the distance between horizontal ribs 32 mm. 
[0078] The hollow shape in sample 3 for comparison was made to the following specifications: 1 00 mm in length and 
4.5 mm in wall thickness for the front wall and rear wall; 95 mm in length and 2.5 mm in wall thickness for the side 

25 walls 1 03 including the center rib. 

[0079] A pole collision test was conducted on the embodiment sample and the samples for comparison. Analysis 
based on the Finite Element Method (FEM) was carried out to measure the amount of deformation of the central area 
of each hollow shape and evaluate the bending strength of the central area of the hollow shape as a rear bumper 
reinforcement. In this test, FEM analysis was made with respect to weights of the embodiment and comparison samples. 

30 Table 1 shows the result of the analysis in which the weight increase for the embodiment sample is expressed in 
percentage with respect to the weight increase for the comparison sample 2 as 100%. 

[0080] A pole collision test was carried out under the following conditions: the front central area of each of the em- 
bodiment and comparison samples, or bumper reinforcements, which were arranged almost horizontally and assem- 
bled as mentioned above, was forced to collide against a steel pole (with a diameter of 1 75 mm) at the velocity of 2.2 

35 m/sec (8 km/hr) so that an almost horizontal impact was applied to its front central area 

[0081] As can be understood from Table 1 , in order to achieve an equivalent bending strength, embodiment sample 
1 necessitates far less weight increase than sample 3 even though the reinforcing shape is added. 
[0082] In embodiment sample 1 , weight increase is less than sample 2 and the amount of deformation of the hollow 
shape central area is far smaller. This means that sample 1 is higher in bending strength than sample 2. 

40 [0083] Therefore, this embodiment sample 1 is excellent in pole collision strength as stated above. 


Table 1 


Sample 

Hollow shape central deformation (mm) 

Weight increase (%) 

Sample 1 (embodiment) 

31 

114 

Sample 2 (for comparison) 

65 

100 

Sample 3 (for comparison) 

31 

162 


50 [0084] The above result demonstrates that the car body energy absorber according to this invention provides a high 
bending strength as a bumper reinforcement and an excellent pole collision strength without impairing the lightness. 
What is indicated by this result is true to other types of car body energy absorbers such as door beams, brackets and 
frames. 

[0085] Next, bumper stays as preferred embodiments of this invention will be explained by reference to the drawings. 
55 Bumper stays are illustrated as 15a and 15b in Fig.2. 

[0086] An embodiment of this invention for a stay and a bumper reinforcement with stays is illustrated in Fig.6A, a 
perspective view, and Fig.6B, a top view. In these figures, a stay 41a according to this invention is basically composed 
of the following: a front wall 42a which has an inclination matched to the shape of the curved end rear face of the 
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bumper reinforcement; at least two side walls 43a and 43b which supports the front wall 42a from behind; and a rear 
wall 44a which is almost perpendicular to the side walls 43a and 43b. It has a hollow sectional profile which is composed 
of these walls. 

[0087] The explanation of embodiments given below assumes that the bumper reinforcement is curved at its ends. 
5 If the bumper reinforcement is linear and has no curved ends, the front wall of the stay should be horizontal or linear 
to match the shape of the rear face of the bumper reinforcement ends. 

[0088] Also, the explanation of embodiment given below assumes that the bumper reinforcement has a rectangular 
sectional profile. A center rib may be provided inside it for the purpose of reinforcement depending on the bumper 
reinforcement cross section size (height), which is determined by the car body design, and the required strength and 

io collision energy absorption. 

[0089] The front wall 42a has flanges 45a and 45b which protrude at both ends of the stay 41 a (or of side walls 43a 
and 43b) almost horizontally and are inclined at the same angle as the front wall 42a to match the rear face of the 
above-said curved ends. These flanges do not necessarily need to protrude at both ends of the stay 41a as shown in 
Fig.6A. Depending on the requirements and conditions for connection with the rear face of the above-said curved ends, 

15 or depending on where and how tightly they should be joined together, either flange 45a or flange 45b may be provided 
instead of both, in a way that the stay 41 a has one flange protruding at one end of it. 

[0090] Regarding the stay front wall inclination, the invention is not limited to the linear inclination as shown in Fig. 
6A. The inclination may have the shape of an arc or stairs to suit the shape of the curved end rear face of the bumper 
reinforcement to which it is to be joined. 

20 [0091] The side walls 43a and 43b are not parallel to each other; instead they are angled in a way that the cross 
section is tapered towards the rear of the car body. In other words, the side walls 43a and 43b are not precisely 
perpendicular to the front wall 42a and rear wall 44a, but roughly perpendicular to them or are inclined with respect to 
them at given angles. Of course, it is also acceptable that the side walls 43a and 43b are parallel to each other and 
perpendicular to the front wall 42a and rear wall 44a. However, as described later, preferably the side walls should be 

25 slightly angled to facilitate the stay's connection with the curved end rear face of the bumper reinforcement. 

[0092] The stay shown here is to be joined to the right-hand end of the bumper reinforcement as mentioned later 
and shown in Fig. 7. For the stay to be joined to its left-hand end, the structure is basically the same, except that the 
front wall 42a is inclined in the opposite direction. In short, they are symmetrical to each other. 
[0093] As mentioned later and shown in Fig.7, the stay according to this invention is joined and fixed to the rearface 

30 of one curved end of the bumper reinforcement through these flanges 45a and 45b and to the side member through 
the rear wall. 

[0094] Since the flanges 45a and 45b are protruding sideward (outward) from the stay body and the side walls 43a 
and 43b are angled in a way that the cross section is tapered toward the car body rear, connection with the curved end 
rear face of the bumper reinforcement can be easily made with no interference or restriction by the stay body. 
35 [0095] The flanges 45a and 45b can be easily joined and fixed to the curved end rear face of the bumper reinforce- 
ment, for example by driving in self-piercing rivets or the like from the back of the flanges 45a and 45b. As described 
later, they may also be mechanically joined and fixed with ease by making holes in them (and curved end rear face) 
and putting bolts through them. 

[0096] Also the flanges 45a and 45b can be joined and fixed to the curved end rear face by welding on their surfaces 
40 of contact with the curved end rear face at their ends. If an electrode can be placed inside the hollow of the curved 
end of the bumper reinforcement, the spot welding method can be used because it is easy to install an electrode on a 
planar flange. 

[0097] How to join and fix the stay to the bumper reinforcement will be explained concretely below, referring to Figs. 
6A and 6B and Fig.7. Fig.7 is a partially sectional top view illustrating how the stays are joined to the bumper reinforce- 
45 ment ends and side members. 

[0098] As shown in Figs. 6 A and 6B, the stay flanges 45a and 45b have each two holes 46a and 46b, and 46c and 
46d, respectively, to join and fix them to the bumper reinforcement (curved end rear walls), and these holes are spaced 
with a given distance. These holes are not needed if the fixing method which uses self-piercing rivets or welding is 
adopted. 

so [0099] As can be seen from Fig.7, the stay flange 45a or 45b is joined and fixed to the curved end rear wall 57a or 
57b of the bumper reinforcement as follows. Fasteners such as bolts 50a and 50b or 50c and 50d (four fasteners for 
each stay in this case) are first passed through working holes 53a and 53b, or 53c and 53d in the front wall 56a or 56b 
of the bumper reinforcement curved end 4ga or 49b and then into holes 46a and 46b or 46c and 46d in the flange 45a 
or 45b, or in the reverse order, so that they pierce through the holes 46a and 46b or 46c and 46d and holes 55a and 

55 55b or 55c and 55d in the curved end rear wall 57a or 57b. Then, the bolts are tightened with nuts as shown to firmly 
join the bumper reinforcement and stays to integrate them into an assembly. 

[0100] This bumper reinforcement integrated with stays can be easily joined and fixed to the side members by in- 
serting bolts from the side of the bumper reinforcement with stays or the side members. This procedure will be detailed 
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below by reference to Fig. 7. 

[0101] As shown in Figs.6A and 6B, the front wall area excluding the flanges (front wall central area) 42a of the stay 
41a optionally have four holes for connection with the side member, 47a, 47b, 47c and 47d (which form mutually parallel 
two rows with each row consisting of two spaced holes). In the rear wall 44a of the stay 41 a, optionally there are four 
5 holes for connection with the side member, 48a, 48b, 48c and 48d (which also form mutually parallel two rows with 
each row consisting of two spaced holes), corresponding to the four holes in the front wall. 

[0102] A concrete illustration of the method for joining the bumper reinforcement integrated with stays to the side 
members is given in Fig. 7. For the convenience of illustration, Fig. 7 shows both the method of attaching a stay to the 
side member for the left-hand end 49a of the bumper reinforcement 49 and that for its right-hand end 49b, which are 
10 slightly different as mentioned later. The method of attachment may be different or the same between the left-hand 
end 49a and the right-hand end 49b of the bumper reinforcement 49. 

[0103] On the right-hand curved end 49b of the bumper reinforcement 49 in Fig. 7, fasteners such as botts 51 a and 
51b (four bolts in this case) are inserted through the working holes 53a and 53b in the front wall 56b, toward the rear 
of the bumper reinforcement. 

15 [0104] Then these bolts 51 a and 51 b are passed through the holes 54a and 54b in the bumper reinforcement rear 
wall 57b, holes 47a and 47c in the front wall of the stay 41 a, holes 48a and 48c in the rear wall 44a of the stay 41 a, 
and holes 60a and 60b in the front wall 59a of the side member 58b, respectively. Then, as shown here, the bolts are 
tightened with nuts or the like to put together the side member 58b and the bumper reinforcement 49 with stay 41a. 
[0105] The above-mentioned attachment steps can be easily carried out through the working holes 53a and 53b in 

20 the front wall 56b of the left-hand curved end 49b of the bumper reinforcement 49. 

[0106] On the left in Fig. 7, fasteners such as bolts 51c and 51 d (four fasteners in this case) are pre-inserted or 
embedded with their bottoms oriented forward. Then these bolts 51c and 51 d are passed through holes 48b and 48d 
in the rear wall 44a of the stay 41a, and holes 54c and 54d in the bumper reinforcement rear wall 57a. Then, as shown, 
the bolts are tightened with nuts or the like to put together the side member 58a and the bumper reinforcement 49 with 

25 stay 41a. 

[01 07] The above-mentioned steps can be easily carried out through the working holes 53c and 53d in the front wall 
56a of the left-hand curved end 49a of the bumper reinforcement 49. 

[0108] As another embodiment of this invention is illustrated in Fig. 8, a perspective view and Fig. 9, a partially sectional 
top view. In Fig. 8, like the stay 41a in Fig.6, a stay 41b is composed of the following: a front wall 42b which has an 
30 inclination matched to the shape of the curved end rear face of the bumper reinforcement; at least two side walls 43c 
and 43d which support the front wall 42b from behind; and a rear wall 44b which is almost perpendicular to the side 
walls 43c and 43d. Basically it has a hollow sectional profile, which is composed of these walls. The front wall 42b has 
flanges 45c and 45d which are protruding from the side walls 43c and 43d and inclined so as to match the curved end 
rear face. 

35 [0109] The rear wall 44b of the stay 41 b has four holes 48e and 48f forfixing the side member attachment 62 (which 
form mutually parallel two rows of holes with each row consisting of two spaced holes, though only two holes are visible 
in the figure). 

[0110] The structural differences from the stay 41a in Fig.6 are as follows. First, unlike the hollow closed sectional 
profile of the stay 41 a, the sectional profile of the stay 41 b is such that the rear wall 44b crosses not only the side wall 
40 43c but also the front wall 42b to form a triangular hollow sectional profile. Due to this structure, the side wall 43c also 
functions as an attachment piece 61a. 

[0111] Another difference from the stay 41a in Fig. 6 is that there are attachment pieces 61a and 61b for fixing the 
side member attachment 62 as extensions of the side walls 43c and 43d on the backward side of the rear wall 44b. 
The attachment 62 has the shape of a flattened U and its middle (horizontal) wall 67 is fixed to the rear wall 44b of the 
45 stay 41 b as illustrated in Fig.1 1 . Its side (vertical) walls 63a and 63b, parallel to each other, have a total of four attachment 
holes 64a and 64b (two for the attachment piece 61 a and two for the opposite attachment piece 61b, which form two 
parallel rows, though only the former two are shown here). 

[0112] This stay is to be attached on the left-hand end of the bumper reinforcement as described later referring to 
Fig. 9. For the stay to be attached on its right-hand end, the structure is basically the same, except that the front wall 

so 42a is inclined in the opposite direction. In short, they are symmetrical to each other. 

[01 1 3] Like the flanges 45a and 45b in Fig.6, the flanges 45c and 45d of the stay 41 b are joined and fixed to the rear 
face 57a of the left-hand curved end 49a of the bumper reinforcement to put together the bumper reinforcement and 
stay. Then , the bumper reinforcement integrated with the stay is joined andf ixed to thef ront f ace of the side member58c. 
[0114] Even in the case of the stay 41b in Fig. 8, the presence of the flanges 45c and 45d makes it possible and easy 

55 to join it to the rear face of the curved end of the bumper reinforcement as in the case of the stay 41 a in Fig.6. 

[0115] The concrete method for joining and fixing the flanges 45c and 45d of the stay 41b in Fig. 8 to the rear face 
57a of the left-hand curved end 49a of the bumper reinforcement is the same as in the case shown in Figs. 6 and 7, 
and explained below referring to Fig. 9. 


11 


.NSDCCID: <EP 1 125798A2_I_> 


EP 1 125 798 A2 

Ko il?n^ I™*** W ° h0,SS ^ a " d - - <*. .spec- 

are spaced with a given distance relnforcement lef t-hand curved end 49a, and these holes 

45c and 45d and passed through 'S^^^J^T T e " d 49a ° r ,rom 016 rear face ° f *e flanges 
the ho,es 55c and 55d (there afe two other hTe o pt *, ^Sc^^ " ^ 45d 3 " d »»" 

p«rrrr h r as shown to put toaether the ^ssse^idX^ s ,n total): then> the 
- tffho^^is^sn^i?^ r? b r iving in rivets 65a and 65b fr - the 

rivets or welding. P attachment 62 < f rom below). This may be accomplished by using self-piercing 

Ere ^sszstz s ^rssLW*: ho,es 64a and 64b <the — -«» 

e^c^^ 
™ers m ^ 

pers'pL^w 3 ^ as e mbodiments of ^ jnvention gre , 

the stays shown in Figs 6 through 8 is ^^IT^n , b * WBn the ^ 41c in Fi 9 "» 

openings 70a and /Ob'in theZ wal ^^£:^ ae ? >n J T"' 6 " C '° Sed a ° d h °" 0W ' the ,on ™ has 

an open sectionai profi.e with open ngs TteaZrTaZZ"^? " ^ * b °' h 6ndS and the sta * 41c has 
side wa.l 43e than to the outer side wall and I thu aL IZT ? m°k ^ may be appNed from the front t0 the 
side wal.s have the same thickness or not should 11 f h° m ° re dUrab ' e than the latter Whetherthe two 
the front. 0t Sh ° U ' d be dec,ded de Pen°.ng on the possible collision force applied from 

^^■'^SiXSS'S: the S T as those of the stays shown in s. , t 

face of the bumper reinforce'me "aHea L ^^i^^JS VT* * Sh8Pe ° f ^ end rear 
and a rear wall 44b which is almost oe^endTouSto^h! h ? ? SUPP ° rt the fr ° nt wa " 42c from behind; 

perpendicular to the side Z^SS'S^S^T^l hT and 8 ~ r Wa " 44c WhiCh is almos ' 

of these walls. ' Ca " y * haS a ho,low and °P en se <*°nal profile is which is composed 

Khf^e^ 

that the front wall 42c is Inoin^^STS^SSS T„ s^rftH ' ^ StmCtUre " baSiCa " y lhe Same ' 
[01281 As seen from r„ n ,x 1 PP ° Slte dlrect| on. In short, they are symmetrical to each other 

LrfaU^boTtnf g m h^a c'^e lS2wf^ *' ^ «* ™ ****** ^ *- * *• 
with stays. The rear wa.l 44c of ^SliTta SSS^SSrr 1 ^ 3 bUmPer reinforcement '^grated 
[0129] The procedure for joinin 4?o^^" 1^12 ^ ? *? ^ m6mber 58c " 

reinforcement as shown in Fig 1 1 fs basicaL tht lm! " ear / ace 57b .. of th ^ nght-hand curved end 49b of the bumper 
in total in this case) are ^S^^Z^^S^ TJ- "* * ^ ^ 5 ° e and 50f < four bolte 


t125798A2_l_> 


12 


EP1 125 798 A2 

as oriented forward (two fasteners in this case) on the front wall 59c of the side member 58d and these fasteners 52c 
and 52 d are passed through the holes 48g and 48i in the rear wall of the stay 41c and tightened with nuts as shown. 
For attachment of the stay 41c to the side member 58d, it is also possible to use the procedure for the right-hand stay 
as illustrated in Fig. 7. 

5 [0131] As can be understood from the above explanation, since the stay 41c shown in Fig. 10 has openings 70a and 
70b in the front wall 42c excluding the flanges and thus has an open sectional profile, it is easy to join it to the side 
member 58d. 

[0132] A stay with an open sectional profile may be in other forms such as those shown in the perspective views of 
Figs. 12 and 13. The stay 41 d shown in Fig.12 is different from the one shown in Fig. 10 in that it does not have such 
10 a center side wall 43g supporting the center front wall 42c that the latter has; in other words, it has one opening 70c 
or a hat-shaped sectional profile. The insufficiency of strength due to the absence of the center front wall and side wall 
is compensated for by the thickened flanges 45g, 45h, side wails 43g, 43h and rear wall 44d. 

[0133] The stay 41 e in Fig. 13 has dual side walls instead of thickened walls as in the case of the stay 41 d in Fig.12. 
The stay 41e in Fig. 13 is structurally the same as the stay 41d in Fig.12 in that it has an opening 70d and does not 
15 have such a center side wall 43g supporting the center front wall 42c that the stay in Fig. 10 has, and its sectional profile 
is hat-shaped and open. The difference from the stay 41 d is that there are additional inner side walls 43k and 431 on 
the inner side of the side walls 43i and 43j to make dual side walls with hollows 71 a and 71 b, respectively, to compensate 
for the insufficiency of the strength due to the absence of the center front wall and side wall. 

[0134] The Al alloys and the production process for Al alloy shapes for the bumper stays according to this invention 

20 is the same as that for the energy absorbers as mentioned earlier. 

[0135] An energy absorber according to this invention can be combined with conventional bumper stays to make up 
a bumper assembly. Or, bumper stays according to this invention can be combined with a conventional energy absorber 
to make up a bumper assembly. However, a combination of an energy absorber and bumper stays according to this 
invention is more desirable. It is recommended that bumper stays according to this invention be used as bumper stays 

25 15a and 15b shown in Fig.2. 


Claims 

30 1 . A car body energy absorber comprising: 

a hollow shape (1) with a rectangular sectional profile; and 

a reinforcing shape (2) attached to the front of the collision plane of said hollow shape (1), wherein said rein- 
forcing shape (2) comprising: 

35 

a collision wall (6) which is almost parallel to the collision plane of said hollow shape (1); 
a plurality of mutually parallel horizontal ribs (7a;7b;7c) which are attached to said collision wall (6); and 
vertical flanges (8a;8b;8c) located at the tips of said horizontal ribs (7a,7b,7c), opposite to said collision 
wall (6), protruding outwards from said reinforcing shape (2), and wherein 

40 

said reinforcing shape is joined to the collision plane of said hollow shape (1 ) through the vertical flanges (8a, 
8b, 8c). 

2. The car body energy absorber as defined in Claim 1 , wherein said hollow shape (1) has a center rib (11). 

45 

3. The car body energy absorber as defined in Claim 1 or 2, wherein said horizontal ribs (7a,7b,7c) are designed to 
bend towards the inside of said reinforcing shape (2) when a force is applied from a virtually perpendicular direction 
to the collision plane of said hollow shape (1). 

50 4. The car body energy absorber as defined in one of Claims 1 to 3, wherein each of the intersections of said horizontal 
ribs (7a,7b,7c) and said vertical flanges (8a,8b,8c) forms an arc. 

5. The car body energy absorber as defined in one of Claims 1 to 4, wherein said hollow shape (1 ) and said reinforcing 
shape (2) are made of aluminum alloy. 

55 

6. The car body energy absorber as defined in Claim 5, wherein the aluminum alloy is one of AA or J IS 5000, 6000 
or 7000 series aluminum alloys. 
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7 ' ^iSr^ 1 C;41d ' 41 6) t0 bS attaChSd t0 the Mr b ° dy Side ,ace of each end P° rti0 " ° f the bumper 
reinforcement (4a), said stay comprising: 

SiXli^ whose shape is matched 10 the car body side face of each e " d °f 

the bumper reinforcement (4a); 

t a h?ca?btd 0 y^ e e W ^d (43a 43b = 43c ^^^^^g ^h^Si^j^Sk^SJ) which support said front wall from 

a rear wall (44a;44b;44c,44d;44e) joined to the ends of said side walls, opposite to said front wall said rear 
wall being almost perpendicular to said side walls 

bumper staj. ^ ^ ' 130965 (45a ' 45b;45c ^ d .- 45e . 4 5f.-45g,45h;45i,45j) protruding outwards from the 
8 ' Ictrved surfS. ^ dSfined C ' aim ? ' Wherei " b ° dy SidS ° f 6ach end ° f the bum P er Enforcement has 

9 ' Jod^TLf/f fh ? fined in C ' aim 7 ° r * Wher6in the bUmper Stay is m ^hanically joined and fixed to the car 
body side face of the bumper reinforcement through the flanges. 

10. The bumper stay as defined in one of Claims 7 to 9, wherein the flanges have holes (46a-d; 46e-tr 46i-l) and the 
bumper stay ,s mechanically joined and fixed to the car body side face of the bumper reinforcement through tS^se 

side face of the bumper reinforcement by welding on the flanges. V 
12. The bumper stay as defined in one of Claims 7 to 11 , wherein said rear wall has holes (48a-d; 48e-f; 48g-j). 

" ^ ^ defin6d °" e ° f C ' aim 7 10 12 ' Wh6rein Said fr ° nt wa " area 6xcludi "9 Ganges has holes 

14 ' 700. 70d) P6r ^ 38 dSfined ° f C ' aimS 7 t0 13 ' Wh6rein Said fr0nt Wa " iS divided ** °P enin 9S (70a, 70b; 

15 ' L h iH bU H mper ,f tay f de J ined in one of Claims 7 to 14 > wherein the sectional profile composed of said front wall 
said side walls and said rear wall is a closed sectional profile (71 a, 71 b). 

16 ' Iul b Z P ZT y ^ d f in ° ne ° f C ' aimS 7 t0 15 ' Wherein the bum P er reinforcement is made of aluminum 
alloy and the bumper stay is an Al alloy extruded shape. 

1 7. The bumper stay as defined in Claim 1 6, wherein the Al alloy is one of AA or JIS 5000, 6000 or 7000 series Al alloys. 

18. A bumper reinforcement which consists of the car body energy absorber as defined in claim 1 . 

19 ' ^T^„!2 , C n° nSiStS f °! 3 Combination of the bum P er reinforcement as defined in c.aim 18 and the bumper 
stays as defined in one of claims 7 to 17. K 


50 


55 
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